Abstract. A series of aircraft experiments was performed using a specialized GPS receiver and a nadir-oriented left hand circularly polarized antenna. This apparatus received reflections of the GPS signals from water surfaces under a variety of sea states. The cross-correlation between the reflected signal and a reference pseudo-random noise code was recorded as a function of the relative time delay. The shape of this function showed a dependence on the roughness of the reflecting surface. This dependence generally followed that predicted by theory for bistatic scattering of rangecoded signals. Use of this information as a remote sensing technique for the determination of sea state is discussed.
Introduction
The existence of a strong reflected L-band signal from the Global Positioning System (GPS) off of calm water has been recognized by others [Parkinson, et al., 1996] , [Auber, et al., 1974] , [Garrison et al., 1997] , usually as an interference to the normal applications of GPS for navigation. Recently, however, it has been proposed to use this signal for satellite or aircraft remote sensing [Katzberg and Garrison, 1996 ], [Neira, 1996] , [Katzberg and Garrison, 1998 ], [Wu, et al., 1997] . One such application makes use of the effects of diffuse scattering from rough surfaces on the correlation properties of the pseudorandom noise (PRN) codes which form the basis of the GPS signal. In this application, the "widening" of the cross correlation between the received signal and the reference PRN sequence generated internal to the receiver is used as a measurement of the roughness of the sea surface [Katzberg, et al., 1998 ].
No previous experimental data was known to exist which could verify the effect on this cross-correlation predicted by theory. Therefore a series of aircraft flights was conducted using a specialized GPS reciever capable of recording this cross correlation function.
Theory
Except for a perfectly specular reflection, the reflected signal is composed of signals distributed over a range of relative time delays exceeding that from the specular point. In which, t8 is the additional time of travel from the specular point. The function a(6) is assumed to be a stationary random variable which gives the relative contribution to the electric field from reflecting points with delays of 6.
X Langley Research
The geometry defining these time delays (expressed as path lengths by multiplication by the speed of light, c) is shown in Figure 1 
Data Reduction
In order to get a better approximation the the continuous shape of R 2 (r), a cubic spline was fit through the average of the once-per-second samples. The peaks of each curve from the different measurement sets were then aligned and the curves normalized with respect to peak correlation power.
This alignment was necessary because of the discrete half code chip sampling and the uncertainty in the absolute start of the delay bins. This allowed the determination of some quantitative measure of the effects of the "widening" of this function.
Results
The trend predicted by theory was that the correlation function will widen with increasing altitudes as well as with increasing sea roughness. However over altitude differences there was a large fluctuation in wind speed and direction during the times in which the data was collected. A set of control data was obtained to identify any biases or artifacts which may be present in the receiver. Measurements were made of the correlation power for a direct signal. These showed some small deviation from the theoretical A•'(r), but very little power outside of the range of -1 to +1 code chip. The RF front end for the receiver was specified to have a bandwidth of 2 MHz.
A similar test was done for the "sweeping" receiver used on the July 1997 flight. Some widening was observed, but the total (two-sided) width of the correlation function was less than 2.5 code chips, as compared to the 2 code chip width predicted by theory.
The fundamental limitation on the accuracy and sensitivity on the design of delay-mapping receivers such as this is the signal to noise ratio in each of the delay bins. This can be improved by three different ways; increasing the integration time of the correlators; using a higher gain antenna; or using a lower noise preamplifier and front-end. 
Conclusion

